The methods of nuclear fuel vitrification in borate or boroaluminate glasses are very common in nuclear industry. The glasses contain actinides and the products of their decay. For a long time this type of storage of very dangerous components has been described as very safe because of the high kinetic and chemical stability of the borate glasses. Recently, we have found a very easy and efficient method of synthesis of actinide borates. Using a H 3 BO 3 flux, we have synthesized several actinyl borates (24 uranyl borates, 4 neptunyl borates, 1 plutonyl and 1 thorium borate). These phases were characterized by X-ray diffraction, spectroscopic and other methods. Several synthesized phases possess unique structural properties, both in actinide chemistry and in chemistry in general. For example, in the structure of Npborates we have found three different oxidation states (+4, +5 and +6) and three different coordination polyhedra of Np (coordination numbers 6, 7 and 8). 
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The complex and often non-linear structural response of framework structures to changes in pressure, temperature, and especially composition (e.g. the plateau effect), is due to the delicate balance of forces between the framework components of strongly-bonded polyhedra and the interactions between the framework and extra-framework species. For example, we have previously shown [1] that whether the tilts of the octahedra in perovskites increase or decrease with increasing pressure depends on the relative strength of the bonding between the framework and the extra-framework cation compared to the strength of the cation-oxygen bonds within the octahedra. Feldspars are far more structurally complex than perovskites and have previously resisted the challenge of quantifying their behaviour in this way. However, Megaw (1974) showed [2] that the rigid-unit deformations of the tetrahedral framework of feldspars can be decomposed in to four tilts of the four tetrahedra that comprise the 4-rings that lie parallel to (010). Of these four tilts Megaw showed that only two, an outward tilt of the T2 tetrahedra and a wrinkle of the 4-ring, change significantly between different alkali feldspars. Analysis of the high-pressure and high-temperature data now available, from both experiment and DFT calculations, confirms that these are the dominant tilt mechanisms. In particular, we have found that changes in the wrinkle tilt are responsible for changes in the length of the feldspar crankshaft, and are thus responsible for 70% of the volume change of alkali feldspars with P, T, or composition.
[1] Zhao, J., Ross, N.L., Angel, R.J. Acta Cryst. B, 2004, 60, 263 A family of new complex oxides has been discovered, with structures that are perovskite based, but unlike any known perovskite based structure. [1 -6] The family is created by introducing periodic crystallographic shear planes, which was previously considered as impossible in perovskites because of the presence of the A cations (in contrast to ReO 3 type structures with vacant A positions). However, when using A cations with a lone electron pair, crystallographic shear planes can effectively be established, slicing the perovskite structure into blocks separated by a periodic interfaces. Along these interfaces the corner-sharing of the metal-oxygen polyhedra is replaced by edge-sharing and tunnels are created, where the A cations and their lone pairs reside. The structures demonstrate enormous flexibility with respect to variations of the cation and oxygen content due to the controllable variable orientation of the shear planes. The common structural characteristics, variety of the chemical compositions and underlying driving forces will be explained.
